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17. Nore on Ortprperron Atort (NortaErn Paciric). By Rear- 
ApuiraL Sir Wittiam J. Waarton, R.N., K.C.B., F.R.S.,. 
Hydrographer to the Admiralty. (Communicated by Sir Arcui- 
BALD Gerkre, D.Sc., LL.D., F.R.S. Read March 9th, 1898.) 


[Puates XX-XXIT.] 


In the eastern part of the Northern Pacific, in lat. 10° 17’ N., long.. 
109° 13’ W., and 600 miles away from the nearest point of the 
continent of North America, is a small, lonely atoll called Clipperton.. 
It has never been properly surveyed, but was in 1840 sketched by 
Capt. Sir E. Belcher, R.N. 

Its lagoon, 2 miles in diameter, was then open to the sea in two 
places, both shallow. The remainder of the ring surrounding it was: 
a few feet above water, forming two flat, bare, crescent-shaped 
islands. It was the haunt of innumerable sea-birds, as might be 
expected from its solitary position, and it is doubtless to these birds 
that the fact that no scrap of vegetation exists is due. 

Since the date of Sir KE. Belcher’s visit the entrances have been 
closed by piled-up coral-sand, the ring is complete, and the lagoon 
is cut off from the influx of ocean-waters, except by infiltration. 

So far, Clipperton Atoll only resembles many other islands of 
similar type and position, but there is one point which distinguishes 
it, so far as: know, from all other atolls, and that is the existence 
on one part of the ring of a mass of rock about 60 feet in height. 
Some atolls have an island somewhere near the centre of the lagoon, 
but none, as this, on the ring itself. 

I have long wished to know the geological character of this 
rock, but it is only lately, by the kindness of Mr. J. Arundel, who 
visited the island in connexion with its guano-deposits, which have 
been for some time worked, that 1 have obtained specimens of it. 
Mr. Arundel, in sending me the hand-specimens, stated that the rock 
was composed of volcanic material and coralline limestone mixed, 
and on receiving them I imagined that he had, except in one case, 
sent me specimens of the calcareous rock only. 

T sent the specimens to Sir A. Geikie, who showed them to Mr. Teall, 
and I believe that their first impression was similar to my own. 
They found, however, that the pale specimens did not effervesce with 
acid, and could not therefore be unaltered coral-rock, while the only 
dark specimen contained porphyritic felspars in a finely crystalline 
base which they surmised to be some variety of trachyte or andesite. 
Mr. Teall’s subsequent investigation, submitted to the Society 
together with the present Note, brings to ight a remarkable change 
in the structure and composition of the apparently calcareous speci- 
mens, which have proved to be all of the same trachytic origin. 

The position of this undoubtedly volcanic mass is of great interest. 
By no theory of the formation of atolls can the survival of a portion 
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[The rock may be seen 4 or 5 leagues away. | 
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of the volcanic base on the rim alone be explained. If the island 
has sunk, why is it not, as in all other cases, in the lagoon ? 

If the coral circle has grown up on the flanks of the original 
voleanic mound, the same difficulty presents itself. Unfortunately 
we know nothing of the depths around; and it is only on the some- 
what vague soundings of the lagoon by the captain of a merchant 
vessel that the plan is based, showing that the depths there are very 
considerable, amounting to 50 fathoms. 

If this be so, it adds another peculiarity to the atoll, for in no 
known case is so great a depth found in so small an atoll. 

On this point Mr. Arundel writes as follows :— 

‘After taking soundings in a perfectly round hole in the lagoon, 
which looks very much like an old crater, and where we obtained 
as much as 20 fathoms (a man named Antone claims to have got 
soundings at 26 fathoms), we started to the north-western side of 
the island. On the way from the circular basin, we took another 
sounding in what looked like a deep part, but only obtained 11 
fathoms.’ 

The true greatest depth is thus doubtful; but even 20 fathoms 
is deep for so small an atoll. 

The only solution which presents itself to me is that we here 
have the rare case of coral forming on the lip of a volcanic crater, 
one part of which alone, perhaps the plug, has resisted the action of 
the sea, which has worn the rest of 1t down to the limits of wave- 
action. 

It will be remembered that the great explosion of Krakatoa 
resulted in the blowing away of a large part of the island situated 
above the hollowed-out interior, but that the margin of the actual 
vent remained on one side of the deep hole thus formed. 

A similar incident, leaving a plug on one side of the crater-hollow, 
might explain the Clipperton Rock. 


EXPLANATION OF PLATES XX-XXII. 


Puate XX, 
Map of Clipperton Atoll, reduced from the new Admiralty chart. 


Prats XXI. 


View of the rock on Clipperton Atoll, looking north-west. (From a 
photograph.) 
Puate XXII, 


Nearer view of the same rock. (From a photograph.) 
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18, A PHospHatizeD Tracuyte from CirppErton AToLt (NorTHERN 
Pacrric). By J. J. H. Teatz, Esq., M.A., F.R.S., V.P.G.S. 
(Read March 9th, 1898.) 


[Puate XXIII] 


Tan following remarks are based on five rock-specimens from 
Clipperton Atoll, referred to by Admiral Wharton in his description 
of that island. 

One is a dark brown rock composed of porphyritic crystals of 
glassy felspar and a compact groundmass ; the others are white or 
cream-coloured, and in some of these the same porphyritic felspars 
as in the first-mentioned rock may be observed. The examination 
of a series of microscopic sections shows that the rocks are all more 
or less altered trachytes. 

The brown rock is the least altered. It consists of phenocrysts 
of sanidine (Pl. XXIII, fig. 1) set in a groundmass of microlitic 
felspars and brown interstitial matter. No ferro-magnesian minerals 
are recognizable. The conspicuous phenocrysts of sanidine are, as a 
rule, comparatively free from inclusions ; but the rock contains also 
some patches of felspar, which are so crowded with inclusions of a 
brown substance that the felspar-material forms only a small portion 
of the compound mass. 

An analysis of this rock yielded the following somewhat sur- 
prising result :— 
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The phosphoric acid is present in the brown substance, which 
evidently represents, in a more or less altered form, the interstitial 
matter of the original trachyte. 


The microscopic sections of the white or cream-coloured rocks all 
show the structure of a trachyte. In some specimens the pheno- 
crysts of sanidine have been more or less preserved, while the 
groundmass has been replaced by isotropic secondary material; in 
others the phenocrysts have disappeared, and their places have been 
wholly or partially filled up with the same secondary substance. 
It is evident, therefore, that a trachyte has been attacked by some 
chemical process, and that a pseudomorph of the rock has been 
formed. 
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The secondary substance, when examined with a high power, often 
shows concentric or agate-like modes of aggregation; and, as the 
silicification of acid and intermediate igneous rocks is by no means 
an uncommon phenomenon, it was thought at first that the white 
rocks were merely silicified trachytes. A chemical examination at 
once disposed of this idea. The most altered rock possesses the 
following percentage composition :— 


SiO, (28) and matter insol. in HCl 50 
QI 5 cacrccccccecrcccnareccsccocssscccecn 38°5 
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Thus 95 per cent. of the rock is a hydrated phosphate of alumina 
and iron, somewhat allied to the so-called redonite from the island of 
Redonda, ; in the West Indies.’ 

The appearance of a microscopic section of this rock is represented 
in Pl. XXIII, fig 2. The outlines of one of the porphyritic felspars 
are clearly seen, but the original substance has been replaced by the 
phosphate, which shows the peculiar agate-like structure above 
referred to. ‘The groundmass has also been replaced by the same 
material. 

To complete the chain of evidence, an intermediate specimen, in 
which the phenocrysts were comparatively unaltered and the 
original structure of the groundmass was well preserved, was 
partially analysed. It contained 43°74 per cent. of silica, 17 per 
cent. of phosphoric anhydride, and gave 12:3 per cent. loss on 
ignition. 

The three specimens above described illustrate very clearly the 
progressive substitution of phosphorie for silicic acid, and the intro- 
duction of water :— 


J. Teer 
BIO) eer awie rosa 54:0 43°7 2°8 
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A comparison of the whole series of microscopic sections proves 
that the phosphatizing process first attacks the interstitial matter, 
then the microlitic felspars of the groundmass, and last of all the 
porphyritic sanidines. 

The chemical analyses show that the change is accompanied by 
the removal of silica and alkalies, and by the introduction of phos- 
phoric acid and water. This change has probably been effected by 
solutions of alkaline phosphates, principally ammonium phosphate, 
and other compounds derived from the droppings of sea-birds.* 


1 C. U. Shepard, Am. Journ, Sci. vol. xlvii (1869) p. 428, and vol. 1 (1870) 
p. 96. 

2 Some additional specimens from Clipperton have been received from 
Admiral Wharton. They are portions of coral-rock more or less phosphatized. 
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Since the above was written my attention has been called to an 
important series of papers! by M. Armand Gautier on the phosphatic 
deposits of the ‘Grotte de Minerve.’ 

This cavern 1s situated in the valley of the Cesse, in Hérault, at 
the junction of the Nummulitic Limestone and Devonian. The walls 
and roof are of lmestone; the floor 1s formed of a Quaternary 
deposit, containing mammalian remains and resting on the 
Devonian. At a depth of 3 or 4 metres from the surface a yellowish 
rock is met with, containing 50 per cent. of the phosphates of lime 
and alumina. During his excavations in this cavern M. Gautier 
found a vein of a white, pasty substance, composed almost entirely 
of a hydrated phosphate of alumina (P,O,, Al,O,, 7 H,O), for 
which he proposed the name ‘minervite.’ He considers that this 
substance has been formed by the action of ammonium phosphate 
arising from the decomposition of organic matter, on clay or hydr- 
argillite. In support of this view he shows that precipitated alumina 
can be wholly converted into a phosphate having the composition of 
minervite, by the action of a solution of ammonium phosphate, and 
that kaolin can, in the same way, be partially changed into a 
similar phosphate. He refers to the deposits of Alta Vela, Redonda, 
and Commandeur (French Guiana), and concludes that they have 
been formed in a similar manner. 

Owing to the kindness of Mr. J. Hort Player, I have obtained 
specimens of the phosphates of Redonda and Connétable (French 
Guiana). Those from Redonda are brown or buff-coloured porous 
rocks, some of which clearly show the structure of an andesite. 
There can be no doubt that some, if not all, of the Redonda 
phosphate has been formed from an andesite in the same manner as 
that of Clipperton has been formed from a trachyte. 

The specimens from Connétable, a small island near Cayenne, do 
not show igneous structure. ‘They are whiter than the specimens 
from Redonda, and closely resemble some portions of the Clipperton 
rocks in which the igneous structures have disappeared. 

We may, therefore, conclude that the formation of phosphates of 
alumina and iron is by no means an uncommon occurrence when 
guano is deposited on igneous rocks. 


EXPLANATION OF PLATE XXIII. 


Fig. 1. Altered trachyte from Clpperton Atoll, showing phenocrysts of 
sanidine set in a groundmass of microlitic felspars and brown 
interstitial matter. In the central lower portion of the slide is an 
example of the felspar crowded with brown inclusions. 

2. Highly altered trachyte, showing the replacement of felspar by phos- 
phate with concretionary structure, and the groundmass replaced 
by a similar material, but without concretionary structure. 


1<« Formation des Phosphates naturels d’Alumine et de Fer,’ Comptes Rendus, 
Acad. Sci. Paris, vol. exvi (1893) p. 1491. See also other papers in the same 
volume on pp. 928, 1022, and 1171. 
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Discussion (ON THE TWO PRECEDING Papers). 


Prof. Crowes stated that, as a chemist, he felt much interested in 
Mr. Teall’s paper. He assumed that the Author intended it to be 
understood that a double decomposition took place between the 
ammonium-phosphate solution derived from the guano and the 
insoluble aluminium silicate of the rock; in that case, ammonium 
silicate would pass away in solution, and no deposition of silica would 
take place in the rock. From a chemical standpoint, the Author 
had fully proved an extremely interesting case of chemical meta- 
morphosis. It reminded the speaker of a somewhat analogous 
instance of chemical change, which he discovered in conjunction with 
Prof. Blake some years since in the neighbourhood of Nottingham. 
There a rock containing barium carbonate had apparently undergone 
change into barium sulphate, by the action of water containing 
calcium sulphate; this change was known to take place, but in the 
above instance the change lacked the satisfactory proof given by 
the present Author. 

Dr. BuanFord said that he could not agree with Admiral Wharton 
that the facts as stated are incompatible with subsidence. Neither 
a volcanic crater with a distinct rim, nor a lava-flow, such as the 
phosphatized trachyte appeared to have been originally, could be of 
submarine origin ; nor was it probable that either originated on a. 
level with the surface of the sea. It was more likely that both 
erater-rim and lava were formed above the sea, and had been 
depressed. 

Mr. Cuement Rerp asked what climatic conditions held on this 
island—was it a rainless area, or one with alternate rainy and dry 
seasons ? 

Capt. Strrre observed, with reference to the question of climatic 
conditions raised by the previous speaker, that he believed deposits of 
guano could be accumulated only in a comparatively rainless district, 
asin rainy localities the guano would be washed away as quickly as 
deposited. 

Prof. Hurt and Mr. BavrErman also spoke. 

Sir A. GEIKIE, in reply to the remarks made by previous speakers, 
said that he unfortunately possessed no information regarding the 
meteorology of Clipperton Atoll. He could see no reason why 
a volcanic crater should not be formed below the surface of the 
sea; but the Clipperton crater may have been of the same explosive 
origin as that of Santorin, and its solitary rocky peak may be the 
only remaining visible fragment of its rim. With regard to the 
supposed impossibility of lavas having flowed under the sea, he 
could only observe that no facts in the geological history of Britain 
were more abundantly proved than that from the earliest Palseozoic 
periods the vast majority of the volcanic eruptions in our region have 
been submarine, and that they have included the outflow of lava, the 
solid, unbroken sheets of which are now found intercalated between 
strata full of marine organisms. 

Mr. Teatt also replied. 


